The data submitted in 
of the Philadelphia General Hospital, Philadelphia) (Received for publication June 8, 1942) The data submitted in this presentation indicate that the amount of benzoic acid excreted in the urine as hippuric acid in the Quick intravenous test (1) for liver function is influenced to a considerable extent by the volume of the simultaneous output of urine. This factor may account for some of the high values that at times have been observed in normal individuals, and even in patients with hepatic disease. The data also show a lack of correlation between body weight, bromsulphalein excretion, and the results of the Quick test.
Before Quick (2) introduced the hippuric acid test for liver function, it had been employed by Kingsbury and Swanson (3) and by Bryan (4) as a measure of renal function. Thus, for the proper interpretation of the test in liver disease, it would seem that adequate renal function should be present, because an impairment of the latter would depress the rate of excretion of the hippuric acid and so mimic hepatic dysfunction. Accordingly some workers have regarded, as a prerequisite for the proper interpretation of the test in hepatic disease, normal renal function, as judged by the urea clearance test or by the absence of a retention of blood urea nitrogen. Quick (5) believed, however, that the rate of hippuric acid excretion by the kidneys is 50 per cent higher than its rate of synthesis in the liver and that, as a result, only very serious disorders of renal function would affect its elimination in the urine. Thus it has been alleged that a normal excretion of hippuric acid can be obtained despite a greatly diminished urea clearance or an increased urea content of the blood (6, 7) . has received little attention, though Snapper and Grunbaum (8) noted that nephritic patients, having an abnormal retention of urea, may eliminate more hippuric acid in a large than in a small output of urine. Probstein and Londe (7), on the other hand, found no relation between urinary volume and the output of hippuric acid in 14 normal subjects. A small excretion of hippuric acid, together with a small volume of urine, was observed in certain subjects in whom all other tests of hepatic function were negative. At first, this was thought to be due to incomplete evacuation of the bladder, but a similar result was obtained when we resorted to catheterization. Then, a very high value for hippuric acid excretion was observed in a patient who had a decompensated portal cirrhosis. He passed at the same time a very large volume of urine. He had a blood urea nitrogen concentration of 5 mgm. per cent, and it seemed probable that, in him, a simple diuresis was occurring. On the basis of these observations, we decided to determine whether or not any significant correlation could be established between the amount of the hippuric acid excreted and the simultaneous volume of the urine in our series of cases in which hippuric acid tests were being done.
Because Mateer (9) suggested that the size of the individual might influence the results of the test, we also examined for a.correlation between body weight and the amount of hippuric acid excreted in the urine. We have included, in addition, data on the results of the bromsulphalein test because a difference of opinion (9 to 12) exists in the literature concerning the relative sensitivity of the bromsulphalein and the hippuric acid tests.
DESCRIPTION OF SUBJECTS
The hippuric acid test was performed on 100 patients in the medical and surgical wards or in the gastro- 
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98. intestinal clinic of the University of Pennsylvania Hospital. In all of them, hepatic disease was manifest or suspected, either because the liver was significantly enlarged or because the patient had a disease in which hepatic dysfunction may occur (Table I) . In each case, the blood urea nitrogen concentration was normal and the direct van den Bergh reaction, negative. The body weight, serum bilirubin or icteric index, and the presence or absence of retention of bromsulphalein in the blood serum one half hour after its injection were determined in all instances. In 12 other subjects (all females), a comparative study of the hippuric acid test, performed in the usual fashion, and after giving an excess of water to increase urine volume, was made ( Figure 1) . Five of these (Cases 1, 2, 3, 4, 5) were apparently normal individuals and had a negative direct van den Bergh reaction, a normal serum bilirubin level, no retention of bromsulphalein in the blood serum after one half hour, and a negative hippuric acid test. One (Case 6), with chronic glomerulonephritis, had an elevated blood urea nitrogen value (62 mgm. per cent), a urea clearance of 20 per cent and negative van of benzoic acid excreted as hippuric acid and the body weight of the subjects was found ( Figure  2 ). The correlation coefficient (r) was + 0.074.
B. Relation of hippuric acid excretion to the volume of urine In the 100 cases included in Table I , a direct correlation existed between the amount of hippuric acid eliminated through the kidneys and the volume of the' urine secreted in the same period. When the range of hippuric acid excreted, in terms of benzoic acid, was divided into 5 groups in the order of increasing values, the average volume of the urine in the particular groups increased directly (Table II) . This relationship was found to be mathematically significant when the values were plotted against urinary volume in all of the tests (194) performed in the dinic to date (Figure 3) . The subjects included normals as well as persons with evident or suspected hepatic disease. The correlation coefficient (r) was + 0.480.
C. Effect of increasing the urinary volume on the amount of hippuric acid excreted
The urinary output and, at the same time, the amount of excreted hippuric acid were increased in 10 of the 12 patients in whom on a second test the fluid intake was increased (Figure 1 ). In 4 of the 5 control subjects (Cases 1, 2, 3, 4) , the volume of urine was increased from an average of 146 to 501 cc., while the average benzoic acid excretion was increased from 0.9 to 1.14 grams. In 2 of the subjects, 1 a control (Case 5) and 1 with mild hepatic damage (Case 8), there was a decrease in the volume of urine as well as in the amount of benzoic acid. Both of these subjects complained of intense nausea during and after the period when large amounts of water were being ingested. The 3 patients with bilirubinemia and dye retention (Cases 10, 11 and 12) had subnormal values for benzoic acid excretion when the test was performed by the standard technique. In all of them, the benzoic acid excretion was increased to normal or above by inducing a water diuresis. In Case 6, with a urea nitrogen retention of 62, the benzoic acid excretion increased from 0.38 to 0.57 and then to 0.67 gram as the urine volume increased from 200 to 260 and finally to 475 cc. (Figure 1 ). Mateer (9) in some of his controls, and for the-higher than normal values observed by Rosenberg (15) in some patients with hepatic disease, and attributed by him to a hyperirritable phase of damage.
The low values for the 2 subjects (Cases 5, 8) in whom we failed to induce a water diuresis deserve brief comment. The subjects drank the fluid, and none of the urine was lost. Both of them were extremely nauseated during the test. The low urine volume outputs could perhaps be explained on the basis of failure of the fluid to leave the stomach and so reach the intestine for absorption because of duodenal spasm, which, according to Ingelfinger (16) , may occur during nausea.
The attempt to find the one most sensitive test of impaired hepatic function has led to conflicting results and views. In some series of cases (9) impaired hippuric acid excretion has been more frequent than retention of bromsulphalein. In our series, the reverse was the case. After making due allowance for such factors as the influ- The dye test is almost always positive when an impairment of hepatic excretory ability is already indicated by an immediate or biphasic direct van den Bergh reaction. It is for this reason that we required that the direct van den Bergh test be negative in each of the 100 cases in which the results of the dye and the hippuric acid test were to be compared.
SUMMARY
In a series of 100 patients with manifest or suspected hepatic disease, a significant direct correlation was found between the amount of hippuric acid eliminated by the kidneys and the volume of the urine secreted during the same period.
A higher than normal value for benzoic acid excretion was associated with a large volume of urine. A low value in some patients with hepatic disease could be increased to normal or above by inducing a water diuresis. A low value for benzoic acid excretion in one patient with excessive blood urea nitrogen retention was raised almost to normal by a similar procedure. The dependence of the hippuric acid test on the rate of that substance's excretion by the kidneys constitutes some objection to its use as an index of the detoxifying ability of the liver.
Bromsulphalein retention occurred in a higher percentage of our cases than did an impaired hippuric acid excretion.
